Introduction
Dehiscence and fenestration ( Fig. 1) have been discussed in a number of previous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Such defects of the thin alveolar bone have been suggested to be due to anatomical factors [6] [7] [8] 11, 12, 15, 16] (buccolingual tooth malposition), occlusal function [4, 5] or a number of other unidentified abnormal causes, but none of these have been clearly identified.
The purpose of the present study was to evaluate the frequency of dehiscence or fenestration, and to discuss its correlation with tooth attrition (occlusal factor) in contemporary dry Japanese skulls.
Materials and Methods
Both the upper and lower jaws of 188 dry Japanese skulls, the ages and sexes of which had been determined, were obtained from University Museum, Tokyo University and the Department of Anatomy of the Jikei University School of Medicine. Skulls which had artificial osseous destruction or osseous defects due to periodontitis were excluded from this study. A final total of 96 jaws of 24 male and 24 female skulls from subjects between 14 and 47 years of age were selected for study. The mean distance from the cementoenamel junction (CEJ) to the alveolar bone crest was within 2 mm in each skull (Fig. 2) .
1) Measurement of bone level
The alveolar bone level was measured at the following reference points on each tooth[173. For incisors, canines or premolars, the level was measured at the middle points of both the facial and lingual surfaces. For molar teeth, the level was measured at four reference points which were located at 1/4 of the cervical length from each of the mesial or distal line angles on both the facial and lingual surfaces (Fig. 3) . Bone level was measured from the CEJ to the alveolar bone crest at each of the reference points using an originally designed metal ruler with a narrow tip graduated in units of 0.5 mm. The average of these distances was calculated for each pair of jaws from each skull. 2) Criteria of tooth attrition [18] The degree of tooth attrition for each type of tooth is described in Table 1 .
3) Dehiscence and Fenestration
Dehiscence: A thin cleft-like alveolar bone located apically from an imaginary line keeping an appropriate distance from the CEJ. When the enamel projection is seen from some aspects, this imaginary line is estimated excluding this projection.
Fenestration: Fenestration is a circumscribed defect in the cortical plate, exposing a facial or lingual root surface. In addition, these defects and the surrounding areas do not show any thick alveolar bone.
The correlation of the alveolar bone level, tooth attrition, dehiscence and fenestration for each aspect of each skull were analyzed with a personal computer (NEC, PC-9801 M2).
Results
There was no correlation between age and bone level (r=0.27) (Fig. 2) . The correlation between the severity of tooth attrition and the presence of dehiscence and fenestration is shown in Table 2a -2c.
Of a total of 1292 teeth from both males (629) and females (663), 1119 teeth (86.6%) showed no dehiscence or fenestration. However, 173 teeth (13.4%) exhibited either dehiscence (5.1 %) or fenestration (8.0%), or both (0.3%).
Of the 663 teeth of the male group, 37 teeth (5.6%) showed dehiscence and 58 teeth (8.7%) exhibited fenestration. Of the 629 female teeth, 29 teeth (4.6%) showed dehiscence and 45 teeth (7.2%) exhibited fenestration.
The Kolmogorov-Smirnov one-sample test [19] was used to analyze the correlation between the severity of tooth attrition and the presence of dehiscence or fenestration. No difference between the presence of dehiscence or fenestration and the severity of tooth attrition was adopted as a null hypothesis. After analyzing the correlation for each group, this hypothesis could not be abandoned for the presence of dehiscence in the male group and the presence of dehiscence and/or fenestration in the female group. However, this hypothesis was abandoned for the presence of fenestration in the male group. Therefore, the presence of dehiscence in the male group and the presence of dehiscence and/or fenestration in the female group showed no correlation with the severity of tooth attrition. In addition, the presence of fenestration in the male group did not show any clear correlation with the severity of tooth attrition.
Discussion
Dehiscence and fenestration in Japanese adult skulls have been described previously [1, 2, 7, 13] . Dehiscence and fenestration in the upper jaw have frequently been recognized on canines, first premolars, first molars and second incisors. On the other hand, dehiscence has been seen on canines, first premolars or second incisors, while fenestration has been found for second incisors, canines, first premolars or central incisors in the lower jaw. The present study examined both dehiscence and Table 2 Correlation between the severity of tooth attrition and the presence of dehiscence and fenestration fenestration from the facial or buccal aspects only, since these defects were only present to a slight degree on the lingual or palatal surface. At the healthy human dentogingival junction, the alveolar bone level has been recognized to be about one millimeter apical from the CEJ when the most coronal junctional epithelium is located on the CEJ [20] . On the other hand, previous studies have reported that in radiographs, an apical interproximal bone level of more than 2 mm can be classified as a pathological condition [21] [22] [23] [24] [25] . Generally, a bone level within 2.5 mm from the CEJ on a dry skull has been reported to represent a condition free of periodontal disease [26] .
The following factors possibly responsible for generating dehiscence or fenestration have been described in many studies; orthodontic forces [3] , tooth attrition [4, 5] , age [5, 8, 12] , thin alveolar bone [6, 11] , inclination of the long axis of the tooth [7] , and tooth malposition [8, 11] . However, orthodontic forces could be excluded from the present study, since the skulls had been obtained about 60 years previously.
There is no unified opinion regarding the presence of dehiscence or fenestration; the frequency of dehiscence or fenestration has been reported to be increased [5] or decreased [8, 12] in proportion with age. However, according to our previous research [15] , the presence of dehiscence might have no correlation with the age of the specimen. Inclination of the long axis of the tooth and malposition of the tooth are closely related to the thickness of the alveolar bone. Therefore, thin alveolar bone and tooth attrition, which are related to occlusal force and trauma, might play a major role in generating dehiscence or fenestration.
According to our present study, 98 cases out of 633 in the male group showed grade 3 tooth attrition, and 20 teeth (20.4%) exhibited the presence of fenestration. The Kolmogorov-Smirnov one-sample test showed a slight correlation between the severity of tooth attrition and the presence of dehiscence or fenestration. However, this relationship was not confirmed clearly for the following reasons: the low number of cases of grade 4 tooth attrition, and the low frequency of dehiscence or fenestration in other cases of grade 3 tooth attrition. Tooth attrition has been used for estimating age in the field of legal medicine because of the known correlation of the severity of tooth attrition with age [18] . From an epidemiologic viewpoint, the severity of alveolar bone loss increases with age [27, 28] , although it is not correlated individually [16] .
KAKEHASHI et al. [4] (1963) reported the effect of traumatic factors on the presence of dehiscence or fenestration following an examination of gorilla skulls. STAHL et al. [5] emphasized the influence of occlusal trauma on the thickness of the alveolar bone which in turn was related to the presence of dehiscence or fenestration. However, KAKEHASHI et al. [4] did not mention the criteria they used for dehiscence in their study. In addition, the alveolar bone level of Figure 5 in their paper [4] looks like the result of a combination of dehiscence and osseous defects due to periodontitis. Therefore, we selected specimens that had a bone level within 2 mm in order to exclude cases of alveolar bone loss due to periodontitis and proposed criteria for the presence of dehiscence.
There has been shown to be no significant correlation between gingival recession and tooth mobility and between tooth mobility and dehiscence in humans [15] .
In addition, there is no apparent correlation between the severity of tooth attrition and the presence of osseous defects [29, 30] . Dehiscence or fenestration might be related to the thickness of the alveolar bone according to the results of the present study, except for the presence of fenestration in the male group. Future study of the correlation between tooth attrition and occlusal factors would probably be of more value, since tooth attrition of the first molars has been shown to be produced mainly during the stage of mixed dentition [31] .
Conclusions
After examination of 1292 teeth in 96 upper and lower jaws from contemporary dry Japanese skulls, the ages and sexes of which had been determined, the following results were obtained : 1. Of the 1292 teeth, 1119 (86%) showed neither dehiscence nor fenestration, 66 (5.1%) showed dehiscence, 103 (8.0%) exhibited fenestration and 4 (0.3%) showed both. In addition, 37 teeth (5.6%) showed dehiscence and 58 (8.7%) exhibited fenestration in the male group (663 teeth), while 29 teeth (4.6%) showed dehiscence and 45 (7.2%) exhibited fenestration in the female group (629 teeth). 2. There was no correlation between the presence of dehiscence or fenestration and the severity of tooth attrition except for fenestration in the male group which suggested a slight correlation.
